Molecular and breeding studies on two pan-tropical marine red algae reveal vastly different levels of genetic variation and reproductive isolation. Sequenced DNA regions from the nuclear, mitochondrial and plastid genomes (partial LSU rRNA, cox2-3 spacer, RuBisCo spacer, respectively) revealed high genetic variation among individuals of Spyridia filamentosa. An rbcL analysis shows that Spyridia is a monophyletic genus distinct from other Ceramiaceae sampled, suggesting that the Ceramiaceae could be paraphyletic. There is complete congruence between all data sets of S. filamentosa, showing a wellsupported phylogeographic pattern with samples from the Pacific distinct from Atlantic and Indian Ocean samples. One western Mediterranean sample is associated with Atlantic specimens, while an eastern Mediterranean sample has closer affinities to Pacific samples, possibly indicating a recent cryptic introduction into the eastern Mediterranean. Limited breeding studies imply that these samples are mostly reproductively isolated, whereas a successful cross demonstrated maternal inheritance of organellar DNA. These data indicate that S. filamentosa exists as several cryptic species. Murrayella periclados exhibits low levels of genetic variation and no phylogeographic structure, and almost complete reproductive compatibility between isolates. This suggests that all M. periclados samples share a recent common ancestor that may have dispersed relatively rapidly, or that rates of base pair substitution between these two species vary greatly. Rapid longdistance dispersal of M. periclados is not indicated by what is known of the biology of M. periclados, especially in comparison with S. filamentosa, which appears to be a much better candidate for long-distance dispersal. These data demonstrate that red algal morphospecies are not equivalent units of diversity, with implications for our view of red algal biodiversity and evolution.
Introduction
Molecular studies have greatly increased our knowledge of the patterns, history and genetic variability within species. Levels of genetic variation between presently recognized morphological species can differ greatly (Avise, 2000) . This has led to the discovery of many ' cryptic species ' and the conclusion that morphological lineages (morphospecies) are more inclusive than basal phylogenetic units (Hedin, 1997) . This is especially true in organisms with simple morphological features and a limited number of variable and\or reliable characters, such as the algae. Genetic information, therefore, provides a superior tool for investigating
Correspondence to : G.C. Zuccarello. e-mail : giz!mba.ac.uk the diversity and history of morphologically simple organisms (Koufopanou, 2001 ; Zuccarello & West, 2002) .
Recently questions of intraspecific relationships between populations, or closely related species, have led to the relatively new discipline of ' phylogeography ' (Bermingham & Moritz, 1998 ; and summarized in Avise, 2000) . Phylogeography deals with the processes governing the geographic distribution and evolution of genealogical lineages within species. Phylogeographic studies have become quite common for assessing terrestrial and marine animal groups (Avise, 2000) , but have been limited in marine red algae (van Oppen et al., 1995 ; Lindstrom et al., 1997 ; McIvor et al., 2001) .
Phylogeographic studies have revealed several intraspecific patterns with respect to genealogical groups that are morphologically indistinguishable (Avise, 2000) . One pattern is that of large genetic gaps (major discontinuities) between allopatric entities, with the different lineages referred to as ' cryptic species ' (e.g. Lee, 2000 ; Hoare et al., 2001) . Cryptic species are especially evident among marine taxa (Knowlton, 1993) including red algae. The red algal species Bostrychia radicans (Montagne) Montagne and B. moritziana (Sonder ex Ku$ tzing) J. Agardh are separated by a single morphological character, monosiphonous branch tips, but belong to several separate well-defined lineages. These lineages are mainly allopatric and monosiphonous branch tips are distributed in several places within the phylogeny (Zuccarello et al., 1999 c) , suggesting that this character has arisen several times. This character is also variable in laboratory culture (Zuccarello & West, 1997) . Isolates within separate lineages are unable to interbreed (Zuccarello et al., 1999 c) . In Caloglossa leprieurii (Montagne) G. Martens several lineages are also found that are reproductively isolated (Kamiya et al., 1998) . A second phylogeographic pattern is one in which genetic variation between phylogeographic groups is low, or non-existent. Such a phylogeographic pattern could be due to a recent rapid spread (high gene flow) of a species sharing a recent common ancestor, and has been seen in some marine organisms (Palumbi & Wilson, 1990 Bailey (McIvor et al., 2001 ). In C. ustulatus a genetic variant has been found to have been introduced into France from the west Pacific although the alga (a different distinct genealogical lineage) already exists in Europe.
Reproductive isolation is the hallmark of the biological species concept (Mayr, 1942) . Although its utility for the concept of red algal species has been questioned (Guiry, 1992) , its importance in maintaining separate genealogical lineages in organisms is unquestioned, and it remains a central aspect of any integrative species concept (Harrison, 1998 ; Avise, 2000) . Reproductive isolation has been shown to correlate with divergence in molecular markers (Kamiya et al., 1999 ; Zuccarello & West, 1997 ; Zuccarello et al., 1999 c) , with genetically similar samples able to hybridize. More divergent lineages are, in contrast, typically unable to hybridize.
Spyridia filamentosa (Wulfen) Harvey is found in many tropical and subtropical regions (Abbott & Hollenberg, 1976 ; Silva et al., 1987 Silva et al., , 1996 Schneider & Searles, 1991 ; Adams, 1994 ; Stegenga et al., 1997 ; Womersley, 1998 ; Wynne, 1998 ; Yoshida, 1998) , including mangrove habitats. Its reproductive biology in culture has been investigated (West & Calumpong, 1989) . In certain tropical and subtropical localities it can be a dominant component of the macroalgal biomass (Cruz-Ayala et al., 1998) .
Murrayella periclados (C. Agardh) Schmitz is also pan-tropical, mostly found in mangrove environments, but is less ubiquitous than Spyridia filamentosa. For example, M. periclados is not reported from Hawaii (Abbott, 1999), French Polynesia (Payri et al., 2000) or the eastern USA Table 1. (Schneider & Searles, 1991 ; but see this study). Its Polysiphonia-type life cycle was investigated by Aponte & Ballantine (1987) .
The present study was undertaken to : (1) compare the phylogeographic patterns, and elucidate the histories, of two pan-tropical red algal species (Spyridia filamentosa, Murrayella periclados) collected from around the world ; (2) assess the levels of genetic variation within these two species using three molecular markers ; and (3) determine levels of reproductive isolation between various isolates.
Materials and methods
Samples examined are listed in Table 1 and their geographic locations are represented in Fig. 1 . Methods for collection, isolation and maintenance of cultures are presented in West & Zuccarello (1999) . Field samples were dried in silica gel until DNA extraction. DNA extraction and amplification, single-stranded conformational polymorphism (SSCP) analysis and the sequencing of the plastid-encoded RuBisCo spacer were as described in Zuccarello et al. (1999 b) . Amplification and sequencing of the mitochondrial-encoded cox2-3 spacer followed Zuccarello et al. (1999 a) (1994) . The PCR procedure used for amplification of the rbcL was : an initial denaturation at 95 mC for 4 min, followed by 35 cycles of denaturing at 94 mC for 1 min, annealing at 45 mC for 1 min, and extension at 72 mC for 80 s. This was followed by a final 5 min extension at 72 mC. All PCR products were electrophoresed in 1-2 % agarose to check product size and sequenced following procedures in Zuccarello et al. (1999 c) .
Sequences were assembled using the computer software supplied with the ABI sequencer and aligned with Clustal X (Thompson et al., 1997) ; the alignment was refined by eye. Phylogenetic relationships were inferred with PAUP*4.0b (Swofford, 2001) . Outgroups used were selected from available GenBank deposits or sequenced for this study. The rbcL sequences for the following species were downloaded from GenBank : Pterocladiella capillacea (Gmelin) Santelices et Hommersand Maximum parsimony (MP) trees were constructed in PAUP*, using the heuristic search option, 500 random sequence additions, TBR branch swapping, unordered characters, gaps treated as missing data (except for distance calculations of partial LSU ; see below) and unweighted (except for successive weighting of rbcL data ; see below). The program Modeltest version 3.06 (Posada & Crandall, 1998) was used to find the model of sequence evolution that best fits each data set by a hierarchical likelihood ratio test (hLRT) (α l 0n05) (Posada & Crandall, 2001) . When the best sequence evolution model had been determined, maximum likelihood (ML) and distance searches were performed in PAUP* using the estimated parameters (substitution model, gamma distribution, proportion of invariable sites, transitiontransversion ratio). Distance trees were constructed using neighbor-joining reconstruction (NJ). ML was also used to construct the most likely tree from the data set (2-5 random additions).
For the rbcL data a successive weighting strategy was employed (Farris, 1969) . Based on an unweighted cladogram, each character (base position) is assigned a weight based on some measure of fit to this cladogram. We used successive weighting using the rescaled consistency index (Farris, 1989) , as implemented in PAUP*. Trees were then generated using the reweighted data set (50 random sequence additions). This procedure was repeated until trees\weights converged and no change was observed between two successive rounds.
Distance matrices were calculated in PAUP* using the best sequence evolution model derived from Modeltest and uncorrected (p) distances.
Support for individual internal branches was determined by bootstrap analysis (Felsenstein, 1985) , as implemented in PAUP*, and a decay index (Bremer, 1988) . For bootstrap analysis, 1000 bootstrap data sets were generated from resampled data (5 random sequence additions), for both the MP and NJ analysis. Decay indices, on a strict consensus of the most parsimonious trees, were calculated with AutoDecay version 4.0.2 (Eriksson, 1998).
Haplotype networks (gene genealogies) were calculated using the networking algorithm developed by Templeton et al. (1992) (implemented in the computer program TCS 1.13 ; Clement et al., 2000) that produces an estimation of gene genealogies for DNA sequences. The relationship of haplotypes was estimated because in DNA sequences in which there are few substitutions, traditional phylogenetic methods perform poorly (Crandall & Templeton, 1993) .
Data sets from different genomic regions were tested for incongruence using the incongruence length difference (ILD) test (Farris et al., 1994) as implemented in PAUP*. Combinations were made of the mitochondrial and plastid genome data (RuBisCo spacer and cox2-3 spacer) and of the data from all three genomes (RuBisCo spacer, cox2-3 spacer and partial LSU). The ILD test compares the incongruence length differences, i.e. the difference in the number of steps between separate and combined analyses of the original partitions (in our case, the different genomic regions), with a series of randomized partitions (1000) generated from the data (Farris et al., 1994) . Incongruence between data sets (especially between organellar and nuclear genes) may be the result of : (1) differences in phylogenetic histories (Doyle, 1992) ; (2) differences in the power of phylogenetic resolution among the genes ; or (3) differences in the rates or modes of evolution of the genetic regions (Bull et al., 1993) . MP, NJ and ML reconstructions were performed on the combined data sets as described above.
Breeding studies were performed on unialgal cultures as outlined in Zuccarello et al. (1999 c) . Crosses were considered positive if carposporophytes released viable carpospores that germinated in a normal bipolar manner. Negative crosses were repeated three times. In all trials an unpaired female was used as a negative control. FJ3740  FJ3731  FJ3750  FJ3731  FJ3740  NT3995  PI3829  PI2887  AS3180  MY3840  AS3180  MO3506  MO3506  GU2999  PI2887  PI3828  PI3829  PR2513  PR3816  BZ3560   BZ3650  BZ3650  SG2965  BZ3656  BZ3656  BZ3656  MY4088  NT3995  IN3959   AS3180  SG2965  GU2999  MY4088   PI3828  PR3815  MO3506  PR3816 PR3816 PR2513
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Grouped by genic region and species. Isolate numbers (see Table  1 ) with identical sequences are in the same cell. 
Results
Many of the sequences from different samples of Spyridia spp. and Murrayella periclados were identical, and these were not all used in the phylogenetic reconstructions and are presented in Table 2 . All variable sequences were deposited in GenBank (Table 1) .
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of third codon positions did not significantly alter the topology of the MP tree and the relationships within Spyridia were unchanged.
Partial LSU. The data set consisted of 865 aligned characters, of which 112 characters were potentially informative. MP produced three trees of 300 steps ; a strict consensus of these trees is shown in Fig. 3 
j, cystocarps formed and released carpospores ; k, no functional cystocarps formed. a pseudocystocarps formed.
and NJ trees did not differ significantly from the MP reconstruction.
Cox2-3 spacer. The data set consisted of 366 aligned characters, of which 96 characters were potentially informative. MP produced two trees of 209 steps (CI l 0n7751). ML (estimated evolution model : substitution model l HKY85 (Hasegawa et al., 1985) ; gamma distribution l 0n1953 ; Ti\Tv ratio l 3n7608) produced the topology depicted in Fig. 4 Table 2 ). The rectangle surrounds the dominant (most samples) haplotype.
Mexico ( The results from ILD tests indicated that the mitochondrial and plastid data sets are not significantly different from each other and could be 0n001  0n001  0n001  0n002  0n002  0n002  0n009  2 PR3816  0n001  -0n003  0n002  0n003  0n003  0n003  0n010  3 SG2965  0n001  0n003  -0n003  0n004  0n003  0n004  0n007  4 FJ3740  0n001  0n002  0n003  -0n001  0n001  0n001  0n008  5 NT3995  0n002  0n003  0n004  0n001  -0n002  0n002  0n009  6 PI2887  0n002  0n003  0n003  0n001  0n002  -0n002  0n009  7 PI3828  0n002  0n003  0n004  0n001  0n002  0n002  -0n009  8 AS3180  0n009  0n010  0n006  0n008  0n009  0n009 combined in parsimony analysis ( p l 0n7808). This combined data set contained 704 characters, 143 of which were potentially informative, producing tree topologies similar to the individual data sets with increased bootstrap support at most nodes (data not presented). A distance matrix was produced for the three individual data sets (nuclear partial LSU, mitochondrial cox2-3 spacer, plastid RuBisCo spacer), comparing S. hypnoides and S. filamentosa samples, using both distances derived from the estimated substitution model and uncorrected distances (Table 3) . Maximum divergence between S. hypnoides and S. filamentosa was 2n0%, 15n7 % and 10n6 %, for uncorrected distances of the partial LSU, cox2-3 spacer and RuBisCo spacer, respectively. Maximum sequence divergence levels within S. filamentosa are (Table 4) 1n5%, 14n4 % and 7n8% for the partial LSU, cox2-3 spacer and RuBisCo spacer data sets, respectively.
Crossing experiments. Although growth was generally excellent in unialgal culture, crosses were difficult to perform with S. filamentosa. A few isolates continually reproduced sexually, but many were never sexually reproductive. Only four isolates could be used in crossing experiments (Table 5 ) and although isolates were all self-compatible (males Table 2 ). Two lines leading to same haplotype indicate unresolved genealogies. The rectangle surrounds the dominant (most samples) haplotype.
and females from the same tetrasporophyte were sexually compatible) in all but one case crosses between isolates were unsuccessful despite spermatia being observed attached to trichogynes in all isolates. A successful cross was seen between a male South Australian sample (SA3933) and a Table 2 ). Two lines leading to same haplotype indicate unresolved genealogies. The rectangle surrounds the dominant (most samples) haplotype.
female Mexican sample (MX3022) ( Table 5 ). Both these isolates are in the Pacific clade (see above) but are not phylogenetically the closest isolates tested (see for example Fig. 4 ). Cox2-3 spacer sequence divergence between the successfully crossed isolates is 10n9 % (Table 3 ) while an unsuccessful cross between MX3022 and the Philippine sample (PI2846) has a divergence of 8n8 %. SSCP analysis of the RuBisCo spacer of 9 tetrasporophyte germlings from the cross MX3022L and SA3933K and sequencing of the cox2-3 spacer of 2 sporelings (of the same 9) from this cross show that the organellar genomes were inherited maternally (identical SSCP mobility or DNA sequence to female organellar genome ; data not shown). The reciprocal cross between MX3022K and SA3933L was unsuccessful, even after three repetitions. The development of the successful hybrids, after initial germination and growth, was not followed. In many successful and unsuccessful crosses pseudocystocarps were produced, i.e. with pericarps and presumed initial gonimoblast formation, but no carposporophyte development (Table 5) . Pseudocystocarps were not observed in unpaired female isolates used as negative controls.
Murrayella periclados
Although samples of M. periclados were collected Table 7 . Crossing results between isolates of Murrayella periclados
Isolate descriptions are in Table 1 . j, cystocarps formed and released carpospores that germinated. a Cystocarps formed but carpospores failed to germinate. Pseudocystocarps were formed in all positive and negative crosses.
from world-wide localities, similar to Spyridia filamentosa (see Fig. 1 ), there was almost no sequence variation among samples and no phylogenetic structure (i.e. phylogenetic trees produced unresolved topologies with no or little bootstrap support ( 50 %) between the branches). Many samples, even from distant localities, had identical sequences (Table 2) for the DNA regions examined. A distance matrix shows that levels of divergence between variable isolates were low (Table 6 ). Divergence levels for M. periclados are summarized in Table 4 . Maximum sequence divergence levels are 1n0%, 1n8 % and 1n0 % for the partial LSU, cox2-3 spacer and RuBisCo spacer data sets, respectively (compare this with the 1n5%, 14n4 % and 7n8% divergence found within S. filamentosa). The number of variable characters and potentially parsimony-informative characters for phylogenetic analysis were : 13 variable characters, 10 of which were informative for the partial LSU (only when gaps of similar size and position were used in the data set) ; 11 variable and 5 informative for the cox2-3 spacer ; 4 variable and 1 informative for the RuBisCo spacer. Although phylogenetic trees were not informative with these minimal data, a haplotype matrix was produced to represent the genealogies for each genetic region analysed (partial LSU l Fig. 6 ; cox2-3 spacer l Fig. 7 ; RuBisCo spacer l Fig. 8) . Ambiguities in the haplotype genealogies (i.e. two different branches leading to one haplotype ; Figs 7 and 8) represent two equally likely evolutionary possibilities. Organellar genealogies (maternally inherited mitochondrial and plastid) are congruent as indicated by the ILD test ( p l 0n965) and by overlapping the two haplotype networks, except for isolates SG2965 (Singapore) and BZ3656 (Brazil). These two isolates share a unique plastid haplotype (Fig. 8, Table 2 ) though they differ in mitochondrial haplotypes by three steps ; this is probably due to parallel mutations (homoplasy) in the plastid spacer. Character incongruence appears greater between the organellar haplotypes and the partial LSU (ILD test ; p l 0n180, and by comparing haplotype networks). For example, plastid haplo-type SG2965 is designated as an intermediate nuclear haplotype between BZ3650 and AS3180 ( Fig. 6) , while AS3180 and BZ3650 share a more recent mitochondrial haplotype common ancestor than does BZ3650 with SG2965 (Fig. 7) .
Crossing experiments. Cross results between six isolates of M. periclados are presented in Table 7 . In most cases crosses were positive and in only a few cases did hybridization between isolates seem to be impaired. In these crosses designated as negative (Table 7) , cystocarps appeared normal, i.e. they contained a fully developed carposporophyte and carpospores were released. These spores failed to germinate in three separate trials. In all crosses, including the successful crosses, pseudocystocarps were formed but were not observed in unpaired females used as controls.
Discussion
Our major conclusion is that there is a marked difference in the levels of genetic variation, and reproductive compatibility, between two pan-tropical red algal species collected from sites spanning a wide geographic area. These results clearly demonstrate that red algal species as currently recognized are not equivalent units of diversity.
Spyridia filamentosa consists of samples with high genetic variation and genealogical lineages that show strongly supported phylogeographic patterns. Samples from different ocean basins (Pacific, Atlantic, Indian) are for the most part clearly differentiated (see analysis of Mediterranean samples below) and, on the basis of limited tests, reproductively isolated (the only partially successful cross was between samples within the Pacific Ocean lineage). This would indicate that S. filamentosa consists of several cryptic species around the world. This pattern has also been found in other tropical red algae (Kamiya et al., 1998 (Kamiya et al., , 1999 Zuccarello et al., 1999 c) .
Our S. filamentosa data also reveal that all genomes are genealogically concordant (same partitions with all three genomes), which shows almost conclusively that the partitions accurately reflect phylogenetic divisions within the species and that these separations have existed for many generations. As the genomes are inherited in different manners (organellar being maternally inherited versus nuclear inherited bi-parentally), reciprocal monophyly (i.e. clearly distinct and concordant genealogies) takes more generations for nuclear genes, due to a larger effective population size of nuclear alleles (Palumbi et al., 2001) .
Phylogeographic studies, mainly on animals, reveal several patterns of species distribution that can be correlated with hypothesized species histories.
Deep genetic gaps producing well resolved phylogenies, and allopatric lineages, could indicate longterm barriers to gene exchange and dispersal (Avise, 2000) . The S. filamentosa data, although admittedly based on a limited sample size, indicate that this species consists of two distinct lineages : an Atlantic\Indian Ocean lineage and a Pacific lineage. The Atlantic and Indian Ocean samples, though sharing a more recent common ancestor than they do with the Pacific samples, are also clearly distinct from each other. One sample from the western Mediterranean (Italy) is within the Atlantic clade, while another sample from the eastern Mediterranean (Greece) is within the Pacific clade. It is believed that many of the algae present in the Mediterranean were introduced or re-introduced into the Mediterranean from the Atlantic after the Messinian salinity crisis (approximately 5 mya), and the subsequent opening of the Strait of Gibraltar (Lu$ ning, 1990) . Few algae are believed to have survived this Messinian event. It is likely that the western Mediterranean sample is an Atlantic recolonizer.
Marine organisms associated exclusively or predominantly with the eastern Mediterranean are often thought to be recent Lessepsian migrants (through the Suez Canal) (Por, 1978) and some algae have been so classified (e.g. Caulerpa racemosa (Forsskal) J. Agardh (Piazzi et al., 1994 ; but see Fama ' et al., 2000) ). The fact that our two S. filamentosa samples from the Mediterranean are in separate lineages may indicate that the eastern Mediterranean sample is a Lessepsian migrant, but its association with Pacific rather than Indian Ocean samples probably excludes this scenario (further sampling from the Red Sea and other Indian Ocean areas is necessary before firm conclusions can be reached). A likely explanation is that the eastern Mediterranean sample is another example of a cryptic anthropogenically introduced red algal species (McIvor et al., 2001) . Increased sampling in the Mediterranean is required, possibly using SSCP of the RuBisCo spacer, to determine the distribution of these two S. filamentosa lineages. Ecophysiological studies could determine whether the introduced lineage might out-compete the endemic populations.
Within the Pacific lineage two major lineages are seen, each containing samples from Pacific Mexico and the Philippines. The fact that these two lineages contain samples found on both sides of the Pacific (Mexico and the Philippines) suggests that migration across the Pacific occurred at some time in the past. Samples from Mulege and Bahia Balandra (Gulf of California), Mexico, each contain individuals with divergent phylogenies. Increased sampling from Bahia Balandra, over 10 years later, did not reveal these two haplotypes, all samples having a single haplotype (MX3036 group). Sampling from two areas near Mulege (Bahia Concepcio! n) also revealed only one haplotype identical to MX3036. The inability to find the different plastid haplotypes when resampling years later could be due to the known patchiness, and subsequent sampling in the ' wrong ' area, of plastid haplotypes in marine habitats (Zuccarello et al., 2001) . Other possible explanations are an extreme rarity of these haplotypes, though they were found in a sample of two in the first collecting trip, or fluctuations in their abundance over intervening years. Further sampling in Pacific Mexico and the Philippines may reveal these two lineages again, and only increased sampling (numbers and locations) in these areas will be able to address these questions properly.
rbcL analysis of Spyridia samples along with other ceramialean samples suggests that the Ceramiaceae is paraphyletic. This apparent paraphyly has been noted before with rbcL sequence data (Freshwater et al., 1994 ; de Jong et al., 1998) , and has been attributed to the ancestral nature of the Ceramiaceae (Hommersand, 1963) and\or poor taxon sampling. The consistent observation of a paraphyletic Ceramiaceae with increased taxon sampling suggests that this paraphyletic relationship may be valid. Our analysis of two other, morphologically distinct, Spyridia species (S. hypnoides and S. clavata) indicates that these both represent monophyletic groups distinct from S. filamentosa.
Murrayella periclados shows lower levels of genetic variation, compared with S. filamentosa, and no phylogeographic structure. Along with an overall greater ability for isolates to hybridize, this indicates that M. periclados is a conventional biological\ evolutionary species. Phylogeographic patterns in which there is no or little genetic variation are indicative of species with a shallow genetic history (recent common ancestor) and high gene flow (frequent long-distance dispersal). In these species there is also a greater likelihood that homoplasy will falsely unite these closely related genotypes (Avise, 2000) . Examples of such possible homoplasy are seen in comparisons of the plastid and mitochondrial haplotypes (see example in Results). A shallow genetic history and rapid dispersal, possibly anthropogenically, are possible reasons for the wide geographic distribution of many haplotypes of this species.
There is little in the biology of Murrayella periclados that would indicate that this plant is a good candidate for rapid dispersal, and this is especially true in comparison with Spyridia filamentosa, which shows strong phylogeographic structure. Populations of M. periclados are never as large as those noted for S. filamentosa (Cruz-Ayala et al., 1998) , leading to a lower probability of transport in water ballast, for example. While S. filamentosa is common in bays and lagoons as a drifting alga, M. periclados is attached and is confined to mangroves and hard substrata in quiet backwaters (Taylor, 1960) . While M. periclados has no special means of vegetative propagation, S. filamentosa has special abscising brachyblasts that can rapidly produce many vegetative clones (West & Calumpong, 1989 ) that could be transported in water samples. This paradox between genetic variation and biology of M. periclados still needs to be explained. Another explanation for the lowered level of genetic variation in M. periclados is a reduced mutation rate, up to 10 times lower than in S. filamentosa (Table 4) . Although this cannot be ruled out it seems unlikely that such a large difference in mutation rate exists between algae within the same order.
Finally, our results for two pan-tropical morphospecies indicate very different evolutionary histories, dispersal scenarios and levels of variations. The several distinct lineages in S. filamentosa indicate that this alga consists of several cryptic species, while M. periclados, with little variation, conforms more closely to a biological\evolutionary species. Increased sampling of these species, continued breeding and ecophysiological culture studies and comparison with other species will further define the meaning of a red algal species.
